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Reseach Topic:
1. Activation of amides or ynamides.
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Activation of Amide via Keteniminium
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1) Kudo, F.; Miyanaga, A.; Eguchi, T. Nat. Prod. Rep. 2014, 31, 1056.
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B-Amino Acids as Natural Products and Drug
Scaffolds
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1) Kudo, F.; Miyanaga, A.; Eguchi, T. Nat. Prod. Rep. 2014, 31, 1056.



Classical Mannich Reaction for the Construction of B-
Amino Amides

asymmetric catalysis R® (0
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”

R R3 N or strong base R3
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pKa = ~35 aldimines
(0] R7 R5 RG (@)
” ~

R1 R3 N ~ R3
R ARt X Ny
R2(H R¢ R TRS R! R2 ||Q4

pKa = ~35 ketimines

*Strong base is required
*The construction of quaternary carbon is unsolved.

1) Yin, L.;Brewitz, L.; Kumagai, N.; Shibasaki, M. J. Am. Chem. Soc. 2014, 136, 17958. 2) Sun, B.; Balaji,
P. V.; Kumagai, N.; Shibasaki, M. J. Am. Chem. Soc. 2017, 139, 8295.



a-Arylation of Amides by Sulfonium Rearrangement

Tf,0, base
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*Activation of amides in mild condition.
*[3,3]-sigmatropic rearrangement

[3,3]-sigmatropic
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G )‘

keteniminium

1) Huang, X.; Klimczyk, S.; Maulide, N. Synthesis 2012, 2012, 175.



A Sulfonium Rearrangement Approach for the
Construction of B-Amino Amides
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1) Feng, M.; Mosiagin, |.; Kaiser, D.; Maryasin, B.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 13044.



Optimization of the Reaction Conditions

Tf,0, base (2.2 eq) o
(0) CH,CI,, 0 °C to rt;
o 1l BzCl, DMAP, NE *
N n-Bu & tBu N g (s
BzHN
racemic
entry base yields d.r.*
N~
1 2,6-Di-t-butyl-4-methylpyridine trace - N
2 2-Ph-pyridine 36% 7:1 4 4
3 2-Me-pyridine 50% 10:1 "\ l S l
N -Bu N t-Bu
4 2-OEt-pyridine 73% 10:1
5* 2-OEt-pyridine 55% 10:1 DMAP 2,6-Di-t-butyl-

4-methylpyridine

* 3.0 equivalents of sulfonimine were used.

1) Feng, M.; Mosiagin, |.; Kaiser, D.; Maryasin, B.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 13044.



Substrate Scope (l)

Tf,0, 2-OEt-pyridine

(o) CH2C|2, °C to rt;
1 , “ BzCl, DMAP, NEt3
R\NJI\/R + tBu’ ~N .
I
BzHN
R2
(R,E)-sulfinamide

(o) (o) _ Me (o) (o)
J O\/ J
N ~ N N A
ar et et chemoselective
BzHN I N BzHN BzHN
~Z
73%, 10:1 d.r., 99.9:0.01 e.r. 46%, 11:1 d.r., 91:9 e.r. 50%, 5:1 d.r., 94:6 e.r.
(o) (o)
@ e \T e
zHN BzHN
50%, >20:1 d.r., 90:10 e.r. 44%, >20:1 d.r., 91:9 e.r.

1) Feng, M.; Mosiagin, |.; Kaiser, D.; Maryasin, B.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 13044.



Substrate Scope (Il)

Tf,0, 2-OEt-pyridine

0
o o] 2 CH,CI,, 0 °C to rt; ;
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C:N RO+ ¢Bu” N7 RS > LR
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o) o
N e N “
gt ||Et

BzHN I N BzHN | N
/. v/
73%, 10:1 d.r., 99.9:0.01 e.r. 29%, 12:1 d.r., 99.8:0.2 e.r. 55%, >20:1 d.r., 98:2 e.r.
CN
(0] N
o) [\ 0
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st o
BzHN | N derivative of Febuxostat
y/ 52%,12:1 d.r., 91:9 e.r.

1) Feng, M.; Mosiagin, |.; Kaiser, D.; Maryasin, B.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 13044. .



Mechanistic Insight into the Diastereoselectivity

Ph T
e) - -
N oTf Ph 2
.s'/N
@ "By Ph /\/\/'Os\s—'Bu . .
: % [3,3]-sigmatropic rearrangement
MN N N eOTf from B_Z is kinetically
Q Bu"g0 © L i more favorable
TS-1 - -y Tt
. “ "D 12.9
A—B_E reversible ,”_5 e wh- -Pr
A—B Z |rreverS|b!€=,_:_»;x o5 B_E 10.7 <
Lo TS-1E ‘~~::_~~.~ 47 ""— ""; TS-2 \\‘\“ “Me
0.0/0, B _ A 2 - + BzHN
— Ph 1 VB N C_SR (mmor)
A : “ o s-Bu
0 ol BZ \ e ®
i /L @S “‘
Sy, 7 f

-'\'/—ds -Bu % N ©

+
O o | FO| wedl@
N oTf \/\i@) ? Ph 1720 S
e oy
N © -91cC ss uMe
E) ot BzHN
C_SS (major)

The diastereoselectivity is determined by the Z/E isomerism of the transient intermediate B.

Calculations were conducted at DLPNO-CCSD(T)/def2-TZVP//IB3LYP-D3(BJ)/def2-SVP level of theory
1) Feng, M.; Mosiagin, |.; Kaiser, D.; Maryasin, B.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 13044. 13




Summary 1

0 Tf,0, 2-OEt-pyridine; 0
R J]\/R,, 0 R* BzCl, DMAP, NEt;  R! . R3
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*surrogate asymmetric mannich reaction
*quaternary stereocenters

*high diastereo- and enantioselective
*high functional-group tolerance

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasm
B.; Gonzalez L.; Maulide, N. J. Am Chem. Soc. 2022, 144, 12536
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P- and S-ylides: A Textbhook Reactivity Dichotomy
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Wittig reaction

*strong phosporus-oxygen
double-bond
— thermodynamic driving force

Ph;P=0

alkyne

Corey-Chaykovsky reaction

*lower oxophilicity of sulfur
*the better leaving group ability
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Is it impossible to proceed olefination by S-ylide?
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Previous Works about Thiouronium Salts

BTMG
2
52 <R CHCI, 0
R1-OH + @ y R1'S\R2 +
up to 99% Me,N NMe,
Me:N NMe 40 examples
thiourenium salt urea
C=0 bond is stronger than
C=S bond by about 40 kcal/mol
C)
R2S X
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o ——= X
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Me,N NMe; Me,N {4NMe2 | |
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?
R4
O @k o)
+ - R3r'\/R4 + J]\
R3” H \NJ§C;>/ Me,N~ “NMe,

isothiouronium ylide
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1) Merad, J.; Matyasovsky ™, J.; Stopka, T.; Brutiu, B. R.; Pinto, A.: Drescher, M.: Maulide, N. Chem. Sci.
2021, 12, 7770. 2) Hadad, C. M.; Rablen, P. R.; Wiberg, K. B. J. Org. Chem. 1998, 63, 8668.



Optimization for the Reaction Conditions

CO,Me
I\s eNsz
Ae
\N A N/
0 I
Nj
I \ H base (1.1 eq) \N
= THF (1 M), -78°C,2h X
DBU
entry base slolvent olefin (E:Z)
1 KNTMS, THF 93% (1.3/1)
2 LiN(i-Bu), THF 91% (1.2/1)
3 NEt; THF not observed
4 DBU THF 55% (1/2.6)
5 BTMG THF 93% (1/3.6)
6 BTMG CH,CI, 90% (2.2/1)

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasin,
B.; Gonzalez, L.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 12536.



Optimization of Isothiouronium Bistriflimides

Q)
Me0,C~ s NTf
R @ R
ke O
= H ——— \)l\
BTMG (1.1 eq) ~ OMe
X THF (1 M), -78°C, 2 h NS
C02M9 COZMG COzMe
Q Q
® PN Ao
| \—/
93% (E:Z=1/3.6) 97% (E:Z2=1/2.8) 22% (E:Z=1/1.5)
CO,Me CO,Me
o
ks NTf, S @NTfZ
Ae > Ae
NT N/O N” SN
\—/ \—/
60% (E:Z=1/18) 92% (only 2)

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasin,
B.; Gonzalez, L.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 12536.



Substrate Scope (l)

Nt-Bu
CO,Me
|\2 N Jl\ 7

e, | | (1.2eq)

R é\ )\ > R’ 'CO,Me
N NN THF, -78°C, 2 h E/Z > 1:20

(unless stated otherwise)

aryl aldehydes aliphatic aldehydes complex unprotected macrolide antibiotic

Br — MeO,C
CO,Me A

61% CO,Me

R=0Me, 42% Ph 48%
R=CF3, 61% 99%ee
R R=NO,, 81%

no rasemisation

co,me ©nal :
A

X ﬁ
86% \ 70%, E/Z=1:6
O 62% CO,Me Still-Gennari

(0 selective over ketone E/Z=1:1.7

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasm
B.; Gonzalez L.; Maulide, N. J. Am Chem. Soc. 2022, 144, 12536 20



Substrate Scope (Il)

o CO,R JNEBU
k NTf2 > N~ — O
| (1.2 eq) Me
%\ )\@/é > o)
THF, -78 °C, 2 h 5% 1:20
— 0 — o
7 I/ “Me ]/ N t-Bu
N o (0]
92% 83%

(88% gram scale)

OO — | On"1us ]/

84% 85%

o S

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Marya3| :
B.; Gonzalez L.; Maulide, N. J. Am Chem. Soc. 2022, 144, 12536 21



Reaction of N-Tosylimines

2
Ts R

A JNLTS _ oler

1 2 1 |
R R R H R

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasm
B.; Gonzalez L.; Maulide, N. J. Am Chem. Soc. 2022, 144, 12536



Substrate Scope of E-Selective Olefination

R2 Nt-Bu inversion of
E/Z selectivit
Ts k o \NJLN/ y
/A e S T azea "\
1 “ 2< X 1Jl\ * N )\@/ > 2
R R R H N” NN CHCI, R
| | -78°Ctort, 12 h E/Z > 20:1

(unless stated otherwise)

Tosyl imine scope

cO,Me co,Me cO,Me CO,Me

R=Cl, 86% - , N\
R=OMe, 77%
’ 58% 73% 80%
R=H, 68% S/ ° ° °
- 0
= R=CF, 56% NO,
Isothiouronium scope N C///N
R=0Ph, 52%
0 R=Ph, 61% 40%,E/Z=T7:1
~ j\ R=NMeOMe, 75% cl
R R= g—o,

. NO,
cl O X O

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasm
B.; Gonzalez L.; Maulide, N. J. Am Chem. Soc. 2022, 144, 12536




Mechanistic Study

C02M9 . ‘
H
0 k S, DBU(1.2eq) Ho s -40 °C to rt
)l\ Ar C02MG ﬁ Ar \ COzme
Ar H N )\@/ CDCl;, -40°C, 1 h
(0]
ald 1 reaction intermediate J]\
Ss SN -~
E /5 Il “ ' x | These end-products
\‘I| ‘} H ” 1} /) were detected
L “ ‘ ) ok l ‘J“ MWL ' “ .,/ 4 ad+1 + DBU
’ ‘ at rt
| “ Efz o | l ‘ f 3
‘ ,L“,“, | , ® lj hh l LML ,' Mg 3.ald+1 + DBU
I at-40 °C, 1 h
l ‘ l‘ I | ® \ .,’k | 1 _ 2.ald+1 + DBU
st o i ) e at -40 °C, 3 min.
| ,.
! | “ ’ | l J 1.ald + 1
: at -40 °C

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasm
B.; Gonzalez L.; Maulide, N. J. Am Chem. Soc. 2022, 144, 12536



Stereospecificity of Desulfurisation

S
DBU (1.0 eq)
- N + Sg
CO;Me CHCI5, rt, 1 h CO;Me
syn Z99%
S
1CO,Me DBU (1.0 eq) N CO,Me + Ss
-
CHCI;, rt, 1 h
anti E 99%

Desulfurisation prodeeds stereospecificly.
—The selectivity of olefination is determined by the stereochemsitry of episulfide,

the reaction intermediate.

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasin,
B.; Gonzalez, L.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 12536.



Z-Selective Olefination via syn-Episulfide

A [ SNe
concerted (3+2) t-BuN, Nt-Bu t'BUN\f t-Bu S
AL —_— o —>»
o s (o S
}-./ )_/ Ph cO,Me
Ph “co,Me Ph “co,Me
i favored - syn
— AG =17.3 kcal/mol
/ \@ - Z-olefin

—N N
t-Bu \( Nt-Bu
ﬁj(\/@»rsy *Concerted (3+2)/C-S cleavage is irreversible

Ph H *Kinetic control
C02M9
: | [\ T BuN ;N@B
: t-BuN, _Nt-Bu t-Bu W? t-Bu
! L o S
R R o S | ------ »( 0 ST ------ > / 5'
)—-{ H Ph “co,Me
e’ [ “co,Me Ph CO,Me
~  .disfavored anti
AG =21.2 kcal/mol
Calculations were conducted at PBE0O-D3BJ/def2-TZVP,SMD//PBEO-  ------ -  E-olefin

D3BJ/def2-SVP,SMD level of theory

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasiné
B.; Gonzalez, L.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 12536. 2




E-Selective Olefination via anftiEpisulfide

/ \@ / \
stepwise, reversible N
{’ S
— 1N —> / -- - /\
s
Ph 3{ cO,Me
Ph C02Me C02Me disfavored
syn
RER o Z-olefin
! \g
bulky —N NS
(NTs
g s
Ph H q/ *Stepwise C-C formation /C-S cleavage is reversible
CO,Me *Thermodinamic control

N/ \N@ N/ Y*\N@
— N~ - P
A - Yfe s
S —_—
P

TsN S —- (SN

stepwise, reversible h "COZMe

Ph COzMe Ph COZMG favored
anti

—3» E-olefin

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasinj
B.; Gonzalez, L.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 12536. 2



Summary 2

I y I
RZ” “H @k@ R2” “H
S
R\ J\N/R
stepwise I | concerted
R R [3+2]

NTs "Revisiting the dichotomy of sulfur and phosphorus
ylide reactivity
R\N N,R
| | "New method for divergent access to both
R R olefin geometries
s - Sg R - Ss s
A' . /=/ — I A
R  “R? R' R 'R2 R R?
anti E-selective | Z-selective syn
thermodynamically kinetically
favored favored

1) Merad, J.; Grant, P.;Stopka, T.; Sabbatani, J.; Meyrelles, R.; Preinfalk, A.; Matyasovsky, J.; Maryasin,
B.; Gonzalez, L.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 12536.



